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(54) Air flow rate measuring device. 

(57) An air flow rate measuring device for measur- 
ing intake air flow rate in an automotive engine, 
improved to reduce any error attributable to 
variation in the configurations of air cleaner 
and/or duct forming air passage upstream of 
the flow rate measuring device, thus offering 
high accuracy of the flow rate measurement. In 
one aspect of the invention, the inlet opening of 
a sub-air passage is disposed to contain the 
axis of a main air passage, while the outlet 
opening of the sub-air passage is disposed in 
the vicinity of a wall defining the main air 
passage. In order to cause a local reduction of 
the pressure of the principal of the air flow at 
the outlet opening, a protrusion or a flat surface 
which causes impediment to the flow if air in the 
main air passage is provided immediately up- 
stream of the outlet opening. In another aspect, 
the inlet surface in which the inlet of the sub-air 
passage opens is stepped in the direction of 
flow of the air so as to enable air to be intro- 
duced into air flow rate measuring portion in 
the sub-air passage from different regions in the 
main air passage while giving a preselected 
order of preference to these different regions. 



FIG. I 
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BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to an air flow rate 
measuring device of the type which employs a heat- 
generating resistor and, more particularly, to an air 
flow rate measuring device of the type described, 
suitable for use in measuring intake airflow rate in an 
automotive engine to obtain airflow rate information 
to be used in the control of fuel injection performed 
in such an engine. 

DESCRIPTION OF RELATED ART 

A conventional air flow rate measuring device of 
the type using a heat-generating resistor is disclosed 
in, for example, Japanese Patent Unexamined Public- 
ation No. 2-232524. This conventional device in- 
cludes a sub-air passage having a recessed inlet and 
orthogonally bent at a portion downstream of a flow 
rate measuring portion so as to open in a joining outlet 
provided in the vicinity of the wall of a main air pas- 
sage, thereby diminishing output variation in the air 
flow rate measuring device caused by an offset of 
flow of the air occurring in the region upstream of the 
air flow rate measuring device. 

This arrangement, however, cannot satisfactorily 
reduce error or deviation of the measuring output to 
the minus side caused by offset of air flow of small 
flowing velocity appearing in the region of the sub-air 
passage upstream of the flow rate measuring portion, 
although the reduction in such an error is not abso- 
lutely impossible. In addition, the above-described ar- 
rangement has not been considered to eliminate influ- 
ence of an air cleaner or other component which 
would cause such an offset of the airflow that the ve- 
locity is high in the region between the region of the 
sub-air passage upstream of the flow rate measuring 
portion and the center of the main air passage. Thus, 
the above-mentioned known arrangement cannot 
satisfactorily reduce error or deviation of the measur- 
ing output to the plus side which is caused when the 
above-mentioned offset of the airflow exists. 

Thus, the known airflow rate measuring device 
is not designed for providing sufficiently high meas- 
uring accuracy to a variety of arrangement of the con- 
duit upstream of the air flow rate measuring device 
and a variety of configurations of air cleaner, and is 
adapted only to a specific configuration of the air 
cleaner. 

Thus, the known airflow rate measuring device 
can provide measuring accuracy only when it is com- 
bined with specific configurations of the conduit up- 
stream of the measuring device. Hitherto, no airflow 
rate measuring device has been proposed which 
would provide sufficiently high measuring accuracy 
adapting to various designs of air cleaner and air duct 



of automotive engines, through elimination of influ- 
ence of offset of the airflow, in particular such an off- 
set that the velocity is highest in the central portion 
of the main air passage as in the case where a 
5 straight duct is adopted. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is 

10 to provide an airflow rate measuring device which can 
measure airflow rate with a high degree of accuracy, 
adapting to a variety of forms of the upstream struc- 
ture, i.e., forms of the air cleaner and duct upstream 
of the air flow rate measuring device, in particular 

15 such a configuration of the upstream structure that 
develops highest flow velocity in the central portion 
of the main air passage. 

To this end, according to the present invention, 
there is provided an air flow rate measuring device, 

20 comprising: a main air passage for intake air; a sub- 
air passage which permits part of the air flowing in 
the main air passage to pass therethrough, the sub- 
air passage being provided with a flow rate measur- 
ing portion disposed therein; and pressure reducing 

25 means disposed in the main air passage at a region 
upstream of the outlet of the sub-air passage so as 
to reduce pressure in a region of the main air passage 
around the outlet of the sub-air passage. 

According to the invention, there is also provided 

30 an airflow rate measuring device, comprising: a main 
air passage for intake air; a bridge which is disposed 
on the axis of the main air passage and which divides 
the main air passage into a plurality of portions; a 
sub-air passage formed in the bridge for permitting 

35 part of the intake air flowing in the main air passage 
to pass therethrough, the sub-air passage being pro- 
vided with a flow rate measuring portion therein and 
having an inlet opening formed in the upstream end 
surface of the bridge and at least one outlet provided 

40 in the downstream end surface or in lateral side sur- 
face of the bridge; and a protrusion provided on a lat- 
eral side surface of the bridge at a portion immediate- 
ly upstream of the outlet. 

According to the invention there is also provided 

45 an air flow rate measuring device, comprising: a main 
air passage for intake air; and a sub-air passage for 
allowing part of air flowing in the main air passage to 
pass therethrough, the sub-air passage being provid- 
ed with a flow rate measuring portion therein, the in- 

50 let surface in which the inlet of the sub-air passage 
opens is stepped in the direction of flow of air in the 
main air passage. 

According to the invention there is also provided 
an airflow rate measuring device, comprising: a main 

55 air passage for intake air; sub-air passage for allowing 
part of the air flowing in the main air passage to pass 
therethrough, the sub-air passage being provided 
with a flow rate measuring portion disposed therein; 
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and a partition wall provided in the sub-air passage 
at a position upstream of the flow rate measuring por- 
tion so as to divide space in the sub-air passage into 
a plurality of sections extending along the axis of the 
main air passage. 5 

The invention also provides a fuel control system 
for an internal combustion engine, comprising: an air 
flow rate measuring device of any one of the types 
mentioned above; fuel injection means for injecting a 
fuel at a controlled rate and timing; and a control unit 10 
for receiving a signal from the air flow rate measuring 
device indicative of the flow rate of intake air and for 
computing the injection rate and timing based on the 
signal and delivering the result of the computation to 
the fuel injection means. 15 

In general, a variety of configurations of air clean- 
ers and ducts are assembled on the upstream side of 
an air flow rate measuring device. Different designs 
and constructions of the air cleaner and duct causes 
variation in the different patterns of flow velocity dis- 20 
tribution over the cross-section of the air passage up- 
stream of the air flow rate measuring device. Such 
flow velocity distribution patterns are broadly sorted 
into three types: a pattern in which flow velocity is 
substantially uniform over the entire area of the 25 
cross-section of the air passage; a stratified or lam- 
inate pattern which is caused by, for example, a bend 
of the duct such that, velocity is higher in the radially 
outer region of the curvature than in the inner region; 
and a curve-shaped pattern which is formed by, for 30 
example, the presence of a long straight duct such 
that the flow velocity is highest in the core portion of 
the passage and lowest in the peripheral region near 
the wall defining the passage. 

No significant error in the measurement is 35 
caused when the flow velocity distribution pattern is 
uniform over the entire cross-sectional area, regard- 
less of the portion of the flow velocity distribution pat- 
tern which is subjected to the flow rate measurement. 
However, when a stratified flow velocity distribution 40 
pattern or curve-shaped flow velocity distribution pat- 
tern appears on the upstream side of the flow rate 
measuring device, the measuring output largely va- 
ries according to the position of the measurement. 

In the stratified flow velocity distribution pattern, 45 
variation in the flow velocity is comparatively large in 
the peripheral region of the air passage near the wall 
defining the passage but the state of the flow of air 
in the central region around the axis is substantially 
the same as that in uniform flow velocity distribution 50 
pattern. In view of this fact, in one aspect of the pres- 
ent invention, the inlet opening of the sub-air passage 
is so positioned as to include the axis of the main air 
passage so that the air is introduced into the flow rate 
measuring portion preferentially from the central por- 55 
tion of the main air passage, thus preventing the 
measuring output from largely shifted or deviated to 
the minus side, i.e., to the smaller side. 



The above-described arrangement, however, 
cannot suitably be used when the flow velocity up- 
stream of the inlet opening of the sub-air passage is 
high, as is the case where the curve-shaped flow ve- 
locity distribution pattern exists, because in such a 
case the flow velocity is measured based on the cen- 
tral portion of the flow which exhibits specifically high 
flow velocity, with the result that the measuring out- 
put is shifted to the plus side, i.e., to the greater side. 
In view of this fact, the present invention in its another 
aspect proposes to provide an arrangement in which 
a smaller pressure drop occurs at the joining outlets 
of the sub-air passage when the velocity of the prin- 
cipal flow of air is low in the region immediately up- 
stream of the joining outlets. This can be achieved by, 
for example, locating the joining outlets of the sub-air 
passage at a position which is remote from the inlet 
opening of the sub-air passage and at which the ve- 
locity of air is low, e.g., in the vicinity of the wall de- 
fining the main air passage where the flow velocity is 
low in the case of a curve-shaped flow velocity dis- 
tribution pattern, and providing protrusions on the 
side faces of the bridge at positions immediately up- 
stream of the joining outlets. With this arrangement, 
it is possible to compensate for the shift or deviation 
of the measuring output which occurs in plus side 
when the curve-shaped flow velocity distribution pat- 
tern exists on the upstream side of the flow rate 
measuring device. 

The pattern of flow velocity distribution varies 
widely according to factors such as configurations of 
t he air cleaner and duct. In order to ach ieve sufficient- 
ly high degree of accuracy of measurement despite 
such a variety of distribution patterns, it is necessary 
to locally adjust the degrees of influence of flow rate 
variations at different regions. The degree of influ- 
ence of the flow velocity of the air in the main air pas- 
sage upstream of the joining outlet is controllable by- 
varying the height of protrusions provided on both 
side faces of the bridge. 

It is also possible to take the air from various re- 
gions in the main air passage upstream of the flow 
rate measuring device thereinto, while giving a prese- 
lected order of preference to these regions, by step- 
ping the inlet surface in which the inlet of the sub-air 
passage opens. 

It is thus possible to obtain an airflow rate meas- 
uring device of reduced output variation despite any 
change in the configurations of the air cleaner and 
duct upstream of the measuring device, by optimizing 
the factors such as positions and size of the inlet 
opening and the joining outlets and the configura- 
tions of the protrusions disposed upstream of the 
joining outlets. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of a first embodiment of 
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the airflow rate measuring device in accordance 
with the present invention; 
Fig. 2 is a view of the first embodiment as viewed 
in the axial direction from the upstream side of 
the air flow rate measuring device; 5 
Fig. 3 is a sectional view taken along the line III- 
III of the first embodiment; 
Fig. 4 is a sectional view of a second embodiment 
of the air flow rate measuring device in accor- 
dance with the present invention; 10 
Fig. 5 is a view of the second embodiment as 
viewed in the axial direction from the upstream 
side of the air flow rate measuring device; 
Fig. 6 is a sectional view taken along the line VI- 
VI of Fig. 4; 15 
Fig. 7 is a sectional view of a third embodiment 
of the air flow rate measuring device in accor- 
dance with the present invention; 
Fig . 8 is a view of t he t hird embod iment as viewed 
in the axial direction from the upstream side of 20 
the airflow rate measuring device; 
Fig. 9 is a sectional view taken along the line IX- 
IX of Fig. 7; 

Fig. 10 is a sectional view of a modification of the 
first embodiment, taken along the line Ill-Ill of Fig. 25 

1; 

Fig. 11 is a sectional view of another modification 
of the first embodiment, taken along the line Ill- 
Ill of Fig. 1; 

Fig. 12 is a sectional view of still another modifi- 30 
cation of the first embodiment, taken along the 
line Ill-Ill of Fig. 1; 

Fig. 1 3 is a sectional view of a fourth embodiment 
of the air flow rate measuring device in accor- 
dance with the present invention; 35 
Fig. 14 is a view of the fourth embodiment as 
viewed in the axial direction from the upstream 
side of the air flow rate measuring device; 
Fig. 15 is a sectional view of the fourth embodi- 
ment taken along the line XV-XV of Fig. 13; 40 
Fig. 16 is a sectional view of a fifth embodiment 
of the air flow rate measuring device in accor- 
dance with the present invention; 
Fig. 1 7 is a sectional view of a sixth embodiment 
of the air flow rate measuring device in accor- 45 
dance with the present invention; 
Fig. 18 is a sectional view of a seventh embodi- 
ment of the airflow rate measuring device in ac- 
cordance with the present invention; 
Fig. 19 is a view of the seventh embodiment as 50 
viewed in the axial direction from the upstream 
side of the airflow rate measuring device; 
Fig. 20 is a sectional view of an eighth embodi- 
ment of the airflow rate measuring device in ac- 
cordance with the present invention; 55 
Fig. 21 is a view of the eighth embodiment as 
viewed in the axial direction from the upstream 
side of the airflow rate measuring device; 



Fig. 22 is a sectional view of a ninth embodiment 
of the air flow rate measuring device in accor- 
dance with the present invention; 
Fig. 23 is a view of the ninth embodiment as 
viewed in the axial direction from the upstream 
side of the airflow rate measuring device; 
Fig. 24 is a sectional view of a tenth embodiment 
of the air flow rate measuring device in accor- 
dance with the present invention; 
Fig. 25 is a sectional view of an eleventh embodi- 
ment of the air flow rate measuring device in ac- 
cordance with the present invention; 
Fig. 26 is an illustration of an intake system; 
Fig. 27 is an illustration of an offset of air flow 
caused by the intake system shown in Fig. 26; 
Fig. 28 is a diagram showing flow velocity distrib- 
ution caused by the intake system shown in Fig. 
26; 

Fig. 29 is an illustration of another intake system; 
Fig. 30 is an illustration of an offset of air flow 
caused by the intake system shown in Fig. 29; 
Fig. 31 is a diagram showing flow velocity distrib- 
ution caused by the intake system shown in Fig. 
29; and 

Fig. 32 is a diagrammatic presentation of an en- 
gine control system incorporating a twelfth em- 
bodiment of the airflow rate measuring device in 
accordance with the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments according to the present 
invention will be described with reference to Figs. 1 to 
32. 

Fig. 1 is a sectional view of the first embodiment 
of the airflow rate measuring device according to the 
present invention, Fig. 2 is an end view as viewed 
from the upstream side (left side as viewed on Fig. 1) 
and Fig. 3 is a sectional view taken along the line Ill- 
Ill of Fig. 1. 

The airflow rate measuring device has a body 3 
in which is defined a main air passage 5. A bridge 2 
is formed in the body 3 so as to bridge opposing ends 
of the wall of the body 3 across the main air passage 
5. A sub-air passage 4 formed in the bridge 2 is pro- 
vided with a heat-generating resistor 7 for detecting 
the airflow rate and a heat-sensitive resistor 8 for de- 
tecting the temperature of the intake air. The heat- 
generating resistor and the heat-sensitive resistor are 
electrically connected to a module 9 incorporating a 
driving circuit, through a support member 10. The 
sub-air passage 4 has an axial portion which has a 
sub-air passage inlet 4a and extends in parallel with 
the main passage 5. The axial passage is orthogon- 
ally bent at a portion thereof downstream of the flow 
rate measuring portion where the heat-generating re- 
sistor is disposed, thus forming a diametrical portion 
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which extends to open in a joining outlet 4b. The main 
air passage 5, the bridge 2 and the sub-air passage 
4 are integrally formed in the body 3. 

The axis of the axial portion of the sub-air pas- 
sage 4 is deviated from the axis of the main air pas- 5 
sage 5. The sub-air passage inlet 4a is extended to in- 
clude the central portion of the main air passage 5 
and has a tapered bottom so that the airfalling within 
the area of the inlet 4a is introduced into the sub-air 
passage to reach the flow rate measuring portion. 10 

According to this arrangement, the portion of air 
flow in the central region of the main air passage 5, 
the velocity of which substantially approximates the 
velocity of the uniform flow of air, is introduced even 
when such a non-uniform flow distribution or offset of 15 
air flow exists that exhibits low flow velocity at the up- 
stream side of the axial portion of the sub-air passage 
4. This arrangement reduces deviation of the output 
of the air flow rate measuring device from the value 
which would be obtained if uniform flow of air is 20 
formed without any offset in the main air passage 5. 

As will be seen from Fig. 3, protrusions 1 are 
formed on both sides of the bridge 2 upstream of the 
joining outlet 4b of the sub-air passage 4 where the 
air from the sub-air passage 4 joins the air flowing 25 
through the main air passage 5. The airflowing in the 
main air passage 5 along both side faces of the bridge 
2 collides with the protrusion 1, 1 so that, by increas- 
ing the velocity of the principal airflow, separation or 
burble of air flowing from the side faces of the bridge 30 
2 is caused the vicinity of the region where the joining 
outlet 4b exists, with the result that the pressure of air 
in the main air passage 5 is reduced in this region so 
that the air which has been introduced into the sub- 
air passage 4 can be discharged through the joining 35 
outlet 4b without being interfered by the flow of the 
air-in the main air passage 5. Thus, the discharge of 
air from the sub-air passage 4 through the joining out- 
let 4b is promoted. Consequently, the rate of flow of 
the air inside the sub-air passage is enhanced as the 40 
flow velocity is increased in the region of the main air 
passage 5 upstream of the joining outlet 4b, by virtue 
of the provision of the protrusions 1,1. 

When the flow of the air in the main air passage 
upstream of the measuring device has such a curve- 45 
shaped velocity distribution that the flow velocity of 
the air is highest in the central region of the main air 
passage, the output of the airflow rate measuring de- 
vice tends to be deviated to the greater side because 
the sub-air inlet 4a is so shaped as to take up the por- 50 
tion of the air flow in the central region of the main 
passage 5. Such deviation of the measuring output, 
however, is suppressed in the described embodiment 
for the following reason. Namely, when such a curve- 
shaped flow velocity distribution exists, the flow ve- 55 
locity is comparatively small in the region around the 
joining outlet4b which is disposed in the vicinity of the 
wall of the main air passage, and thus, the foregoing 



separation of the airflow is small. Consequently, the 
pressure reduction appearing in the region where the 
joining outlet 4b exists is smaller than the case where 
the flow velocity distribution is uniform, so that the 
rate of flow of the air through the sub-air passage 4 
is reduced correspondingly, thus suppressing the 
above-described deviation of the measuring output. 

In this embodiment, the bridge 2 having the sub- 
air passage 4 formed therein, the main air passage 
5 and the mount for the circuit module can be formed 
integrally as a body 3 by plastic molding or by casting. 
In such a case, the diametrical portion of the sub-air 
passage 4 is obtained by forming a groove in the 
downstream side of the bridge 2 by molding or cast- 
ing, and attaching a cover 6 to the downstream or rear 
ends of the side walls of the groove. The cover 6 ex- 
tends to join the wall of the body 3 while the side walls 
of the groove are omitted at their ends adjacent the 
wall of the body so as to provide a pair of openings 
which open in the left and right sides of the bridge 2 
thus forming the joining outlet 4b. 

The vortices generated as a result of the burble 
of the airflow in the sub-air passage joining outlet 4b 
are largely influenced by the configuration of the up- 
stream edge of each tabular protrusion 1. Namely, a 
greater burble effect is obtained even when t he height 
of the protrusion is small, provided that the upstream 
edge of the tabular protrusion is not rounded. In order 
to obtain such non-rounded upstream edge of each 
tabular protrusion 1 without impairing durability of the 
mold, in the illustrated embodiment, the integral 
structure is formed by a split mold which has a parting 
plane coinciding with the plane of the upstream flat 
surfaces of the tabular protrusions 1, 1. In the mold- 
ing or casting, a thick-walled portion can never be 
eliminated by vertical pattern drawing. In the illustrat- 
ed embodiment, however, a vacant portion 11 open- 
ing in the wall of the body 3 is formed so as to prevent 
any deformation which otherwise may be caused by 
shrinkage of the thick-walled portion. 

Figs. 4 to 6 show a second embodiment in which 
an upwardly facing flat surface 2a is provided up- 
stream of the joining outlet of the sub-air passage so 
as to generate burble vortices. 

More specifically, Fig. 4 is a sectional view of the 
second embodiment, Fig. 5 is an end view as viewed 
from the upstream side (left side as viewed on Fig. 4), 
and Fig. 6 is a sectional view taken along the line VI- 
VI of Fig. 4. 

As in the first embodiment shown in Figs. 1 to 3, 
a main air passage 5 and a sub-air passage 4 are 
formed in a body 3 of the air flow rate measuring de- 
vice. A flow rate measuring portion including a heat- 
generating resistor 7 and a temperature-sensitive re- 
sistor 8 is provided in the sub-air passage 4. In this 
embodiment, an inlet 4a of the sub-air passage is pro- 
vided near the central region of the main air passage 
5 and the sub-air passage 4 branches into a plurality 
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of branches downstream of the flow rate measuring 
portion so as to provide a plurality of merging outlets 
4b. Since the inlet 4a of the sub-air passage is dis- 
posed in the central region of the main air passage 5, 
it is possible to reduce the deviation of the measuring 5 
output to minus side when a stratified flow pattern is 
generated in the region upstream of the airflow rate 
measuring device. On the other hand, however, the 
deviation of the measuring output to the plus side is 
increased when the airflow in the main air passage 10 
exhibits such a curve-shaped flow velocity distribu- 
tion pattern that the highest velocity appears in the 
central region of the main air passage. In order to sup- 
press such deviation of the measuring output to the 
plus side, in this embodiment, the sub-air passage 4 15 
is substantially orthogonally bent at a portion thereof 
downstream of the flow rate measuring portion and 
the joining outlets 4b of the sub-air passage 4 are dis- 
posed in the vicinity of the wall of the main air pas- 
sage 5, with the above-mentioned flat surface 2a dis- 20 
posed upstream of the joining outlets 4 so as to ex- 
tend normally to the principal flow of the air inside the 
main air passage 5. 

In operation, air flowing in the main air passage 
5 impinges upon the flat surface 2a so as to be dis- 25 
tributed to both lateral sides of the flat surface 2a, 
thus forming burble vortices on the side surfaces of 
the bridge 2 downstream of the flat surface 2a. The 
greater the velocity of air impinging upon the flat sur- 
face, the more vigorous the burble vortices on the lat- 30 
eral side walls of the bridge. Therefore, the resistance 
posed by the principal flow of the air in the main air 
passage on the flow of the air coming out of the sub- 
air passage through the joining outlets 4b is de- 
creased when the flow velocity of the principal flow 35 
of the air is increased at the regions upstream of the 
joining outlets 4b so as to generate large burble vor- 
tice, tending to increase the flow rate of air flowing in 
the sub-air passage. When the flow of air in the main 
air passage has such a curve-shaped velocity distrib- 40 
ution pattern that the highest velocity appears in the 
central region of the main air passage, the flow veloc- 
ity is high in the region upstream of the inlet 4a of the 
sub-air passage 4 and low in the regions upstream of 
the joining outlets 4b, tending to reduce the rate of 45 
flow of the air through the sub-air passage 4, thereby 
suppressing the deviation of the measuring output to 
the plus side which otherwise may be caused by the 
high velocity of the air flowing into the sub-air pas- 
sage 4. 50 

Fig. 7 is a sectional view of a third embodiment 
in which the circuit module 9 is integrated with the 
bridge 2 which is inserted into a hole formed in the 
wall of the body 3 so as to project into the main air 
passage 5. Fig. 8 is an end view of this embodiment 55 
as viewed from the upstream side, and Fig. 9 is a sec- 
tional view taken along the line IX-IX of Fig. 7. 

In this embodiment, the sub-air passage 4 has 



two inlets 4a one of which opens in a region which 
contains the center of the main air passage 5. Con- 
duits leading from these inlets 4a join each other at a 
portion upstream of the heat-generating resistor 7 so 
as to form an axial portion of the sub-air passage 4, 
which is then bent orthogonally to form diametrical 
portion of the sub-air passage 4. The body 3 has a 
simple cylindrical form, with the opening for receiving 
the bridge 2 and a seat for mounting the circuit mod- 
ule. 

In this embodiment, protrusions 1, 1 having a tri- 
angular cross-section are provided on both lateral 
sides of the bridge 2 at positions immediately up- 
stream of the joining outlets 4b so as to produce more 
stable burble vortices zones than the embodiments 
explained in connection with Figs. 1 and 3. These pro- 
trusions 1, 1 produce almost the same effect against 
any offset or uneven flow velocity distribution as 
those produced by the protrusions of Fig. 3 and the 
flat surface of Fig. 6. 

The bridge 2 can be formed by casting or molding 
by using a split mold having a parting plane which co- 
incides with the downstream faces of the triangular 
protrusions. With such an arrangement, the triangu- 
lar visor-shaped protrusion 1 can be shaped to have 
an apex of an acute angle and, hence, a reduced 
height. 

Figs. 10 to 12 show modifications of the embodi- 
ment shown in Fig. 1, having different arrangements 
for generating burble vortices. These modifications 
are typical three examples of the configurations of 
the above-mentioned arrangement other than those 
shown in Figs. 3, 6 and 9, and are shown in section 
corresponding to the section taken along the line Ill- 
Ill of Fig. 1. 

More specifically, in Fig. 10, the bridge has the 
same configuration as those of known air flow rate 
measuring devices. In Fig. 10, however, a pair of rod- 
shaped obstacles 2b are provided in the regions up- 
stream of the joining outlets 4b in order to impede the 
principal flow of the air so as to generate burble vor- 
tices. In this modification, the surfaces of the bridge 
themselves do not cause burble of the flow of air but 
the rod-shaped obstacles 2b which are disposed in 
the vicinity of the bridge causes impediment to the 
principal flow of the air so that burble vortices are 
generated in the region immediately downstream of 
these rod-shaped obstacles 2b and immediately up- 
stream of the outlets of the sub-air passage, thus pro- 
ducing the same effect as those produced by the pro- 
trusions or flat surface in the preceding embodi- 
ments. Although the obstacles having circular cross- 
section are employed in this modification, obstacles 
having other cross-sections such as rectangular or tri- 
angular sections may be used in order to enhance the 
effect of producing burble vortices. 

Fig. 11 illustrates a modification of the arrange- 
ment shown in Fig. 9. Namely, in this case, each of 
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the protrusions of triangular cross-section has an up- 
stream slant surface which extends over a substantial 
length from one of the upstream end edges of the 
bridge 2 so as to converge towards the upstream end 
of the body of the flow rate measuring device, and a 
downstream end surface of the protrusion also is ta- 
pered to converge towards the downstream side. In 
this modification, the effect to produce the burble 
vortices is not so strong because the protrusions 
have gently slanted upstream and downstream sur- 
faces. This arrangement, however, offers an advan- 
tage in that the velocity of the upstream air at which 
the burble takes place is varied adjustable by suitably 
selecting the tapers of the slant surfaces. 

In the modification shown in Fig. 12, the bridge 2 
is positioned at a level below the inlet 4a of the sub- 
air passage 4 in the region immediately upstream of 
the outlets 4b of the sub-air passage 4. In this modi- 
fication, the bridge 2 is wedge-shaped such that its 
both side surfaces diverge towards the downstream 
end, rather than being provided with protrusions on 
its both lateral side surfaces. Thus, the flow of air col- 
liding with the bridge is forced to change its flowing 
direction so that burble vortices are generated in the 
regions downstream of both side surfaces of the 
bridge. Thus, the modification shown in Fig. 12 can be 
considered as being a compromise of the embodi- 
ment in which the bridge has a flat upstream end sur- 
face normal to the flow of the air and the embodi- 
ments in which protrusions are formed on both lateral 
side surfaces of the bridge. 

A description will now be given of a fourth em- 
bodiment according to the invention in which the in- 
fluences of the air velocities in the regions upstream 
of the inlet and outlet of the sub-air passage are lo- 
cally controllable, with specific reference to Figs. 13 
to 21. 

Fig. 13 is a sectional view of the fourth embodi- 
ment according to the invention, Fig. 14 is an end view 
of the fourth embodiment as viewed from the up- 
stream side and Fig. 15 is a sectional view taken along 
the line XV-XV of Fig. 13. The fourth embodiment of 
the air flow rate measuring device according to the 
present invention has a body 3 which defines a main 
air passage 5 and a sub-air passage 4 formed there- 
in. The body 3 also has a structure for mounting and 
fixing a circuit module 9 thereon. A flow rate measur- 
ing element 7 is disposed to project into the sub-air 
passage 4 and is electrically connected to an electri- 
cal circuit in the circuit module 9. In this embodiment, 
an air temperature sensing element 8 also is fixed to 
project into the sub-air passage 4 as in t he case of t he 
flow rate measuring element 7. The sub-air passage 
4 is orthogonally bent at a portion downstream of 
these elements 7, 8 so as to form a diametrically ex- 
tending portion perpendicular to the direction of the 
principal flow of the air in the main air passage. The 
diametrically extending portion is formed by forming 



a downwardly facing diametrical groove and closing 
the groove by a cover 6. 

The inlet 4a of the sub-air passage 4 also has the 
form of a groove which extends in the diametrical di- 

5 rection of the main air passage 5, with the bottom of 
the groove tapered upwardly rearward as viewed in 
Fig. 13. More specifically, the inlet surface of the sub- 
air passage 4 is stepped to have two portions; name- 
ly, a first upper step which is remoter from the flow 

10 rate measuring portion and closer to an upstream 
flow rectifying grating 12 and a second lower step 
closer to and axially aligned with the flow rate meas- 
uring portion and remoter from the grating 12, and the 
steps are connected by a tapered surface. The air 

15 which has just been discharged through the flow rec- 
tifying grating 12 has a large inertia acting in the di- 
rection of the principal flow of air, i.e., in the direction 
of axis of the main passage 5. Consequently, thefirst 
upper step of the inlet portion of the sub-air passage 

20 4, which is closer to the grating 12, receives air having 
large inertia in the axial direction. In contrast, in the 
zone near the second step of the inlet portion of the 
sub-air passage 4, the flow of air tends to be deflect- 
ed to the portions of the main air passage 5 on both 

25 sides of the sub-air passage 4, rather than coming 
into the sub-air passage 4 in which the airencounters 
with the greater resistance, because the inertial in 
the direction of the principal flow of air has been de- 
creased when reaching the second step of the inlet 

30 portion which is remoter from the grating 12. Thus, in 
this embodiment, air is efficiently introduced into the 
sub-air passage also from the portion of the inlet 
which is diametrically spaced from the flow rate 
measuring portion because the inlet surface has such 

35 an upper step, in contrast to known flow rate measur- 
ing devices in which air could not efficiently be intro- 
duced from such inlet portion. Consequently, the flow 
rate of the air introduced into the sub-air passage 
more closely approximates the average value of the 

40 flow rate along the diametrical line of the main pas- 
sage 5, whereby influence of any non-uniform flow 
distribution upstream of the flow rate measuring de- 
vice is suppressed, thus offering a reduction in the er- 
ror of the flow rate measurement. In this embodiment 

45 also, protrusions 1 are provided on the lateral side 
surfaces of the bridge upstream of the joining outlet 
4b of the sub-air passage to enable adjustment of the 
rate of introduction of the air into the sub-air passage 
4 due to t he velocity of air flow upstream of t he outlet. 

so In this embodiment, the protrusion 1 also is stepped 
to have two portions of different heights to enable ad- 
justment of the influence of the air flow velocity up- 
stream of the outlet of the sub-air passage. 

Fig. 16 shows a fifth embodiment of the flow rate 

55 measuring device in accordance with the present in- 
vention in which, as in the case of the fourth embodi- 
ment, the inlet 4a of the sub-air passage is stepped 
according to the diametrical distance from the flow 
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rate measuring portion so as to provide a local selec- 
tivity or preference of introduction of the air into the 
sub-air passage 4. In this case, however, the config- 
uration of the inlet 4a of the sub-air passage 4 as 
viewed in section shown in Fig. 14 is different from 
that of the embodiment shown in Fig. 13. More spe- 
cifically, the inlet surface of the sub-air passage is so 
configured that one end portion of the inlet which is 
remotest from the flow rate measuring portion is posi- 
tioned most upstream, i.e., closest to the flow rectify- 
ing grating 12, and the other end portion of the inlet 
which is closest to and axially aligned with the flow 
rate measuring portion is positioned downstream of 
the first-mentioned end of the inlet. Intermediate por- 
tion of the inlet between the above-mentioned two 
end portions is concave so as to be farthest from the 
grating 12, i.e., further to the downstream side be- 
yond the position of the above-mentioned the other 
end portion of the inlet. According to this arrange- 
ment, air is less liable to be trapped at the intermedi- 
ate portion of the inlet of the sub-air passage; namely, 
air is preferentially trapped and introduced into the 
flow rate measuring portion through the above- 
mentioned two end portions of the inlet. In this em- 
bodiment, therefore, introduction of air into the sub- 
air passage is suppressed in the region around the 
axis of the main air passage where the flow velocity 
is liable to fluctuate largely when offset or uneven- 
ness flow pattern of the air occurs, whereas introduc- 
tion of air is promoted at both end portions of the inlet. 
Consequently, the air is introduced at a rate which ap- 
proximates the mean of the flow rate of air at these 
two end portions of the inlet, thus diminishing error 
in the measurement output which otherwise may oc- 
cur due to offset or unevenness of the flow pattern of 
the air. 

The described embodiments can be produced 
without any rise in the production cost, because the 
inlet of the sub-air passage having the described con- 
figuration can easily be formed integrally with the 
body 3 by casting or plastic molding. In addition, the 
sub-air passage 4 can be bent orthogonally and the 
outlets of the sub-air passage can be formed to open 
in both lateral directions, so that the flow rate meas- 
uring device can produce a measuring output without 
any error caused by pulsation of the air flow and can 
be used stably for a long time against secular change 
which are caused by backfire from the engine or con- 
tamination. 

Fig. 17 shows a sixth embodiment of the flow rate 
measuring device in accordance with the present in- 
vention. In this embodiment, the main passage 5 is 
constructed as part of the intake system of an engine, 
and the sub-air passage 4 which is integrated with the 
circuit module 9 is inserted into the intake system, 
thus completing a structure which functions as a flow 
rate measuring device. 

More specifically, a portion of the intake system, 



which forms the main air passage 5, is provided with 
a flow rectifying grating 1 2. The wall def in ing the main 
air passage 5 is provided at a portion thereof down- 
stream from the grating 12 with an opening through 

5 which the assembly having the sub-air passage 4 is 
inserted into the intake system. The wall also is pro- 
vided with a seat structure for mounting and fixing the 
circuit module 9 thereon. Thus, the assembly having 
the sub-air passage 4 and the circuit module 9 inte- 

10 grated therewith is inserted into the intake passage 
through the above-mentioned opening and is fixed as 
the circuit module 9 is seated on and fixed to the 
above-mentioned seating structure. This embodi- 
ment also can have a stepped inlet surface 4a of the 

15 sub-air passage 4 and orthogonal bend of the sub-air 
passage at a portion downstream from the flow rate 
measuring portion. 

Fig. 18 is a sectional view of a seventh embodi- 
ment which has a greater area of the inlet through 

20 which the air is introduced into the flow rate measur- 
ing portion than the embodiments described herein- 
before, while Fig. 19 is an end view of this embodi- 
ment as viewed from the upstream side. 

As in some of the preceding embodiments, the 

25 seventh embodiment has a main air passage 5 and a 
sub-air passage 4 which are integrally defined in a 
body 3. In this embodiment, the flow rate measuring 
portion in the sub-air passage 4, including a flow rate 
measuring element 7 electrically connected to a cir- 

30 cuit module 7, is disposed on the axis of the main air 
passage 5. 

In this embodiment, the inlet portion of the sub- 
air passage 4 has four slant grooves which extend ra- 
dially so as to diverge from the flow rate measuring 

35 portion towards the upstream end, and the inlet sur- 
face 4a is configured to have two steps for each of 
these grooves: namely, an upper step which is on the 
radially outer upstream end of each groove and a low- 
er step which is on the radially inner downstream end 

40 closer to the core region where the flow rate measur- 
ing portion is located. In general, in a flow rate meas- 
uring device of the kind described, there is a tendency 
that air is more likely to be introduced into the sub-air 
passage from the core or central region around the 

45 axis of the main air passage than from the outer per- 
ipheral region. In the seventh embodiment shown in 
Figs. 18 and 1 9, however, a compensation is made for 
the above-mentioned tendency because the radially 
outer end portions of the groove, which are positioned 

so upstream of the radially inner end portions, can trap 
or gather air more efficiently than the radially inner 
end portions, due to the above-described stepped 
configuration of the inlet surface. Consequently, air is 
introduced preferentially through the four radially out- 

55 er regions which are remote from the flow rate meas- 
uring portion, so that rate of flow of air introduced to 
the flow rate measuring portion well corresponds to 
the mean value of the flow rates over the entire area 
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of the cross-section of the main air passage. 

Although the seventh embodiment is devoid of 
any flow rectifying grating, error in the measuring out- 
put caused by flow offset or uneven flow velocity dis- 
tribution can be further diminished when a flow recti- 
fying grating of mesh or honey-comb type is em- 
ployed also in this embodiment. 

Fig. 20 is a sectional view of an eighth embodi- 
ment of the flow rate measuring device in accordance 
with the present invention, while Fig. 21 is an end 
view of the eighth embodiment as viewed from the 
upstream side of the embodiment. 

In this embodiment, the inlet portion 4a of the 
sub-air passage is configured to have grooves which, 
when viewed from the upstream side, extends in a 
diametrical direction of the main air passage, with a 
bottom which converges towards the downstream 
flow rate measuring portion. The inlet surface is so 
stepped that the radially central region of the surface 
around the axis of the main air passage 5 is projected 
in the upstream direction towards the flow rectifying 
grating 12. The flow rectifying grating 12 has a central 
mask portion which is located on the axis of the main 
air passage 5 immediately upstream of the central 
projected portion of the inlet surface of the sub-air 
passage and which does not permit to air to pass 
therethrough. Consequently, the inlet surface of the 
sub-air passage 4 has two discrete inlet openings 
which are presented by radially outer ends of the dia- 
metrical groove when viewed from the upstream side 
of the grating 12, and air is introduced into the flow 
rate measuring portion through these two openings. 
In this embodiment, it is thus possible to selectively 
set a plurality of regions in the cross-section of the 
main air passage such that air is introduced from se- 
lected regions into the flow rate measuring portion, by 
suitably determining the configuration of the inlet por- 
tion of the sub-air passage and the shape of the flow 
rectifying grating 12. Consequently, air can be intro- 
duced from optimal portions of the main air passage 
against any uneven flow velocity distribution pattern. 
For instance, the flow rectifying grating having a cen- 
tral mask may be used in combination with the sev- 
enth embodiment shown in Figs. 18 and 19, so that 
a flow rate measuring device is obtained in which air 
is introduced into a sub-air passage through four re- 
gions which are defined radially around the axis of the 
main air passage. 

The eighth embodiment as described can be ob- 
tained by using the same components as those of 
conventional flow rate measuring device except for 
the configuration of the inlet of the sub-air passage 
and the mask of the flow rectifying grating. This em- 
bodiment, therefore, can have performance equiva- 
lent to those of known devices and, in addition, can 
suppress error in the output attributable to uneven 
flow velocity distribution. The inlet of the sub-air pas- 
sage having the described configuration can easily 



be formed as a part of the body by casting or plastic 
molding, so that the flow rate measuring device can 
be produced without substantial rise of the production 
cost. The rectifying grating with the mask can be fab- 

5 ricated by molding from plastics or by press work, 
without requiring any separate or additional part for 
forming the mask and, therefore, can be produced at 
a cost lower than that of the known honeycomb or 
mesh type grating. 

10 A description will be given of a ninth embodiment 

and a tenth embodiment each having a step in the in- 
let surface for the sub-air passage, with specific ref- 
erence to Figs. 22 to 24. Fig. 22 is a sectional view of 
the ninth embodiment, while Fig. 23 is an end view of 

15 the ninth embodiment as viewed from the upstream 
side. Fig. 24 is a sectional view of the tenth embodi- 
ment which presents almost the same appearance as 
the ninth embodiment shown in Fig. 23 when viewed 
from the upstream side. 

20 The ninth and tenth embodiments employ elon- 

gated rod-shaped or tabular flow rate measuring ele- 
ments 7. Description of the air temperature measur- 
ing element, configuration of the portion of the sub- 
air passage downstream from the flow rate measur- 

25 ing portion and the flow rectifying grating are not de- 
scribed in detail because they may be substantially 
the same as those in the preceding embodiments. Al- 
though the sub-air passage is illustrated to have an 
oval cross-section and to converge towards the 

30 downstream end, the sub-air passage may have a cir- 
cular or other suitable shape of cross-section and 
need not converge along the longitudinal axis thereof. 

The ninth embodiment shown in Fig. 22 has a 
stepped inlet surface for the sub-air passage 4, and 

35 a partition wall 13 which divides the interior of the 
sub-air passage into two portions is provided at the 
step of the inlet surface. This partition wall terminates 
at a point upstream of the flow rate measuring ele- 
ment 7 so that two portions of the sub-air passage 

40 join each other. The flow rate measuring element 7 is 
elongated in a direction substantially perpendicular to 
the partition wall 13 by a length large enough to re- 
ceive fractions of air introduced through both portions 
of the sub-air passage. 

45 This embodiment is intended to flatten as much 

as possible the flow velocity distribution pattern over 
a wide cross-sectional area of the main air passage 
and to measure the flow rate of the air on the basis 
of the flattened flow velocity distribution pattern by 

so using the elongated flow rate measuring element, 
thereby diminishing degradation of the measuring 
performance attributable to local fluctuation of the 
measuring characteristics of the flow rate measuring 
element. Measuring error due to uneven flow velocity 

55 distribution upstream of the measuring device can 
generally be reduced by widening the area of meas- 
urement by the flow rate measuring element. Such 
enlargement of the measuring area, however, tends 
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to impair the measuring performance due to local va- 
riation of the measuring conditions of the flow rate 
measuring element. Even when the flow rate meas- 
uring element has homogeneous structure, different 
measuring results are obtained at different portions of 
the flow rate measuring element. For instance, the 
measuring result obtained at the base or supported 
end portion of the flow rate measuring element is dif- 
ferent from that obtained from the free end portion of 
the same. No substantial problem will be caused by 
local variation, if the flow of air impinging upon the 
flow rate measuring element has a uniform flow ve- 
locity distribution. Actually, however, different por- 
tions of the wide measuring area of the element re- 
ceive airflow components of different flow velocities. 
Therefore, a mere widening of the measuring area 
cannot provide sufficient improvement in the measur- 
ing accuracy. The widening of the measuring area un- 
der non-uniform flow velocity distribution affects not 
only the measuring accuracy but also response of the 
flow rate measuring device to change in the flow rate, 
as well as secular change in the measuring perfor- 
mance due to, for example, deposition of foreign mat- 
ters on the measuring element. 

This problem can be appreciably overcome by 
flattening as much as possible the pattern of velocity 
distribution of air impinging upon the flow rate meas- 
uring element, by widening the area of opening of the 
sub-air passage and providing a step of the inlet sur- 
face in which the inlet of the sub-air passage opens. 

For instance, the ninth embodiment shown in Fig. 
22 employs a configuration of the sub-air passage 4 
which can effectively be adopted when the air flowing 
through the main air passage has such a non-uniform 
flow velocity pattern that the velocity is higher in the 
region of the main air passage 5 closer to the circuit 
module 9, i.e., upper region as viewed in Fig. 22, than 
in the opposite region, i.e., the lower region as viewed 
in Fig. 22. Assuming here thatthef low rate measuring 
device is devoid of the sub-air passage 4 or that the 
inlet surface of the sub-air passage 4 is neither step- 
ped nor parted. In such a case, the upper portion of 
the flow rate measuring element 7 receives air of 
greater velocity while the lower portion of the same 
receives air of smaller flow velocity, as a result of the 
above-mentioned non-uniform flow velocity distribu- 
tion pattern, posing a risk of degradation of the meas- 
uring performance described before. In the ninth em- 
bodiment shown in Fig. 22, however, the air flow com- 
ponent in the lower region having smaller flow veloc- 
ity is preferentially taken into the sub-air passage, by 
virtue of the fact that the inlet surface for the sub-air 
passage is stepped and parted. Consequently, the 
difference between the velocity of air flow component 
colliding with the upper portion of the flow rate meas- 
uring element and the velocity of airflow component 
colliding with the lower portion of the same is reduced 
so as to su p press t he risk of deg radation of t he meas- 



uring performance described before. 

The tenth embodiment shown in Fig. 24 is intend- 
ed for use in the case where the most ordinary flow 
velocity distribution pattern exists in the main air pas- 

5 sage 5, i.e., when the flow velocity distribution pattern 
is such that the flow velocity is highest in the central 
region around the axis of the main air passage and is 
low in the peripheral region. In order to obtain high 
measuring accuracy despite such non-uniform flow 

10 velocity distribution pattern, the inlet surface in the 
tenth embodiment is stepped such that the central 
portion of the inlet surface for the sub-air passage 4 
around the axis of the main air passage is recessed 
to the downstream side, so that air is less liable to be 

15 introduced through the central portion of the inlet as 
compared with the peripheral portion of the inlet, thus 
flattening the pattern of flow velocity distribution of 
the air impinging upon the flow rate measuring ele- 
ment 7. 

20 The effect of eliminating the influence of non-uni- 

form flow velocity distribution is enhanced when a 
flow rectifying grating is combined with these em- 
bodiments. These embodiments also may be modi- 
fied such that the partition walls 13 are omitted. 

25 Fig. 25 shows an eleventh embodiment of the 

flow rate measuring device according to the present 
invention in which the inlet surface of the sub-air pas- 
sage 4 is flush. When the conduit or pipe upstream of 
the flow rate measuring device is bent as illustrated, 

30 the principal flow of air is directed as indicated by an 
arrow 14. Consequently, a non-uniform flow velocity 
distribution is formed in the body 3 such that the ve- 
locity is higher in the region near the lower end of the 
body 3 than in the region near the upper end of the 

35 body 3 as viewed in Fig. 25. Consequently, the free 
end portion of the flow rate measuring element 7 re- 
ceives air of velocity considerably higher than that of 
the air received by the base end portion of the same 
element 7 adjacent to the circuit module 9, particular- 

40 ly when the flow rate measuring element 7 having a 
substantial length is used in such a structure that is 
completely devoid of the sub-air passage 4 or, even 
if the sub-air passage is provided, the sub-air pas- 
sage lacks the partition wall 13 at the inlet thereof. 

45 This problem is overcome by the eleventh em- 

bodiment in which, as shown in Fig. 25, the partition 
plate 13 is provided at the inlet of the sub-air passage 
4. This partition plate effectively changes the flow ve- 
locity distribution pattern in the body 3 in such a man- 

50 ner as to reduce the difference between the velocity 
of the air flow component colliding with the free end 
portion of the elongated flow rate measuring element 
and the velocity of the air flow component colliding 
with the base end portion of the same. Consequently, 

55 the measuring condition is made- more uniform over 
the area of the flow rate measuring element, thus 
avoiding degradation in the measuring performance 
attributable to the use of elongated measuring ele- 
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ment. 

The advantage according to the present inven- 
tion will now be described with specific reference to 
Figs. 26 to 30 which illustrate typical example of non- 
uniform flow velocity distribution which is caused by 5 
the presence of an air cleaner in an intake system of 
an automotive engine. 

Fig. 26 shows upstream portion of the intake sys- 
tem including an air cleaner housing 16 incorporating 
an air filter, a duct 1 7 forming a bent conduit connect- 10 
ed to the outlet of the air cleaner housing 16, and an 
air flow rate measuring device connected to the 
downstream end of the duct 17. 

Fig. 27 schematically illustrates the pattern of 
flow velocity distribution which is formed in the region 15 
immediately upstream of the air flow rate measuring 
device by the presence of the intake system shown 
in Fig. 26. 

Fig. 28 is an equi-velocity diagram illustrative of 
the flow velocity distribution pattern obtained through 20 
an actual measurement in the region downstream of 
the intake system of Fig. 26, i.e., immediately up- 
stream of the airflow rate measuring device. Greater 
numerals appearing in this diagram represent higher 
flow velocities of the air. 25 

Fig. 29 shows another example of the intake sys- 
tem in which a straight duct 1 7 is connected to t he out- 
let of the air cleaner housing 16, Fig. 30 shows the 
pattern of flow velocity distribution pattern formed by 
the intake system of Fig. 29, and Fig. 31 is an equi- 30 
velocity diagram showing flow velocity distribution 
based on velocity data as obtained by actual meas- 
urement in the region downstream of the intake sys- 
tem. 

In general, an air flow rate measuring device of 35 
the type using a heat-generating resistor as the 
measuring element measures the total flow rate on 
the basis of a fraction or flow component which col- 
lides with small measuring element. Namely, as 
shown in Figs. 27 and 30, the small measuring ele- 40 
ment 7 measures, as a representative value of the to- 
tal air flow rate, the flow rate of the flow component 
which directly contacts the small measuring element 
7. Consequently, a significant error tends to be in- 
volved in the measurement output particularly when 45 
there is a large difference in the flow velocity exists 
in the flow of air upstream of the flow rate measuring 
device. This problem would be overcome if a plurality 
of flow rate measuring elements are employed to 
measure the flow rates at different locations or when 50 
a flow rate measuring element having a length large 
enough to cover a wide region is employed. The use 
of many flow rate measuring elements or long ele- 
ment, however, is not preferred from the view points 
of production cost and producibility, and may ad- 55 
versely affect the performance of the whole system. 

Under these circumstance, the present invention 
proposes to reduce the error or deviation of the meas- 



uring output attributable to the presence of non-uni- 
form flow velocity distribution, by improving the con- 
struction of the air passages, without being accompa- 
nied by the above-described problems which are un- 
avoidable when many flow rate measuring elements 
or a single element having a substantial length is 
used. 

According to one aspect of the present invention, 
t he deviation of t he measu ring output is compe nsated 
for by making use of difference between the velocity 
of air in the main air passage immediately upstream 
of the inlet of the sub-air passage and the velocity of 
air in the main air passage immediately upstream of 
the outlets of the sub-air passage. According to the 
invention, such a difference in the flow velocity is 
positively created by, for example, the provision of 
protrusions provided on both side surfaces of the 
structure defining the sub-air passage at positions 
immediately upstream of the outlets of the sub-air 
passage. 

According to anot her aspect of the present inven- 
tion, the deviation of the measuring output is compen- 
sated for by the specific construction which enables 
air to be introduced into the flow rate measuring por- 
tion from different regions of the inlet while giving se- 
lectivity or preference of a specific order to these dif- 
ferent regions. Such selectivity or preference can be 
realized, for example, by adopting a stepped inlet sur- 
face in which inlet opening leading to the flow rate 
measuring portion opens. Amere widening of the inlet 
area to capture air from a wide region or a mere pas- 
sage structure for joining flow components from dif- 
ferent regions is impractical because such a measure 
causes a large drop of pressure. In contrast, in the 
present invention, the influence of non-uniform flow 
velocity distribution pattern existing upstream of the 
flow rate measuring device is effectively diminished 
simply by modifying the bridge portion which is used 
in known air flow rate measuring device of the kind 
described. 

As will be seen from Figs. 28 and 31, the flow ve- 
locity distribution over the cross-section perpendicu- 
lar to the principal flow of the air exhibits such a pat- 
tern that the fraction or component of the highest ve- 
locity appears in the core region around the axis of 
the main air passage, i.e., the center of the above- 
mentioned cross-section. The influence of the non- 
uniform flow velocity distribution would be remark- 
ably diminished if the flow velocity distribution pattern 
is flattened in such a manner as to reduce the influ- 
ence of the central fraction or component of air flow 
of the highest velocity. Primarily, this could be done 
by providing a groove-like inlet for the sub-air pas- 
sage on the upstream end of the bridge, with the bot- 
tom of the groove tapered to guide the air to the flow 
rate measuring portion. According to such a method, 
in order that the air is taken up from the entire area 
of the inlet, the bottom of the groove has to be inclined 
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by a large angle from the plane perpendicular to the 
principal flow of air in the main air passage, with the 
result that the axial length of the air flow rate meas- 
uring device is inconveniently increased, causing va- 
rious problems such as difficulty encountered in the 
mounting, rise in the production cost and undesirable 
effect on the performance of the whole system. 

According to the invention, therefore, the inlet 
surface is modified only by such a degree that does 
not cause above-described problems. Namely, in the 
present invention, the inlet surface is simply stepped 
so as to enable adjustment or control of rates of intro- 
duction of air to the flow rate measuring portion from 
different regions of the inlet opening. 

According to one aspect of the present invention, 
the positions of the inlet and the outlet of the sub-air 
passage are determined such that a large difference 
in the flow velocity is developed between the regions 
which are immediately upstream of the inlet and the 
outlet, e.g., such that the inlet and outlet are located 
at two points which are in symmetry with each other 
with respect to the axis of the main air passage or 
such that the inlet is located on the axis while the out- 
let is located on the axis while the outlet is located at 
a point near the wall of the body defining the main air 
passage. When the positions of the inlet and outlet of 
the sub-air passage are determined in the manner 
described above, such a relation exists that, as the 
velocity is increased or decreased in the region of the 
main air passage upstream of the inlet of the sub-air 
passage, the velocity is decreased or increased in the 
region of the main air passage upstream of the outlet 
of the sub-air passage. In order to make use of this 
relation, the present invention in its one aspect em- 
ploys flow impediment portions such as protrusions 
provided on the side surfaces of the bridge at posi- 
tions immediately upstream of the outlets of the sub- 
air passage, so that an automatic canceling or com- 
pensation function is performed to cancel the influ- 
ence of the air flow component introduced from the 
region around the axis of the main air passage by the 
fact that, when the velocity of such central air flow 
component is increased tending to increase the rate 
of introduction of such component into the flow rate 
measuring portion, the pressure established imme- 
diately downstream of the protrusions is relatively 
elevated due to reduced air velocity in this region, 
thus suppressing the rate of introduction of the cen- 
tral flow component of the air into the flow rate meas- 
uring portion. 

Fig. 32 shows an engine control system incorpor- 
ating a twelfth embodiment according to the present 
invention. An airflow rate measuring device, denoted 
by 101, produces a signal indicative of the flow rate 
of the intake air. The signal is input to a control unit 
102 which computes fuel injection rate and timing 
based on the detected intake airflow rate. The control 
unit 102 delivers signal indicative of the injection rate 



and timing to an injector 105. Numeral 103 denotes a 
throttle body which controls the flow rate of the intake 
air. 

According to this arrangement, intake air flow 
5 rate is measured by the flow rate measuring device 
101 without being affected by the construction of the 
whole system, so that the precision of control of the 
whole system can be enhanced. 

Furthermore, according to the present invention, 
10 air can be introduced into the flow rate measuring 
portion of the sub-air passage from various regions of 
a cross-section of the main air passage perpendicular 
to the direction of principal flow of air, while giving pre- 
selected order of preference to these regions, thus 
15 making it possible to obtain an air flow rate measuring 
device which can provide a measuring output which 
is not substantially influenced by the pattern of flow 
velocity distribution in the region upstream of the flow 
rate measuring device. 

20 

Claims 

1. An airflow rate measuring device, comprising: 
25 a main air passage for intake air; 

a sub-air passage which permits part of 
the air flowing in said main air passage to pass 
therethrough, said sub-air passage being provid- 
ed with a flow rate measuring portion disposed 

30 therein; and 

pressure reducing means disposed in said 
main air passage at a region upstream of the out- 
let of said sub-air passage so as to reduce pres- 
sure in a region of said main air passage around 

35 said outlet of said sub-air passage. 

2. An air flow rate measuring device according to 
Claim 1, wherein said pressure reducing means 
includes at least a protrusion which causes impe- 

40 diment to the flow of air in said main air passage 

flowing toward said outlet from the region up- 
stream of said outlet. 

3. An air flow rate measuring device according to 
45 Claim 1, wherein said protrusion has a flat sur- 
face perpendicular to the direction of the principal 
flow of air in said main air passage. 

4. An air flow rate measuring device according to 
so any one of Claims 1 to 3, wherein said outlet of 

said sub-air passage opens in a direction which 
is substantially orthogonal to the direction of the 
principal flow of air in said main air passage. 

55 5. An air flow rate measuring device according to 
any one of Claims 1 to 4, wherein the inlet and 
outlet of said sub-air passage are located at dif- 
ferent positions with respect to cross-sectional 
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planes perpendicular to the direction of the prin- 
cipal flow of air in said main air passage. 



7. An airflow rate measuring device, comprising: 
a main air passage for intake air; 
a bridge which is disposed on the axis of 
said main air passage and which divides the main 
air passage into a plurality of portions; 

a sub-air passage formed in said bridge for 
passing part of the intake air flowing in said main 
air passage to pass therethrough, said sub-air 
passage being provided with a flow rate measur- 
ing portion therein and having an inlet opening 
formed in the upstream end surface of said 
bridge and at least one outlet provided in the 
downstream end surface or in lateral side surface 
of said bridge; and 



11. An airflow rate measuring device, comprising: 

a main air passage for intake air; and 
a sub-air passage for allowing part of air 
flowing in said main air passage to pass there- 
through, said sub-air passage being provided 
with a flow rate measuring portion therein, the in- 
let surface in which the inlet of said sub-air pas- 
sage opens is stepped in the direction of flow of 
air in said main air passage. 

12. An air flow rate measuring device according to 
Claim 1 1 , wherein the step of said inlet surface is 
so determined that the portion of the inlet sur- 



face aligned with the flow rate measuring portion 
is located on the downstream side of the remain- 
der portion of said inlet surface. 

13. An air flow rate measuring device according to 
one of Claims 11 and 12, further comprising 
means for reducing pressure in said sub-air pas- 
sage, disposed in a region of said main air pas- 
sage upstream of said outlet of said sub-air pas- 
sage. 

14. An air flow rate measuring device according to 
Claim 11, wherein said inlet surface of said sub- 
air passage has an inlet groove which expands in 

15 the radial direction of said main air passage. 

15. An air flow rate measuring device according to 
Claim 11, wherein said inlet surface of said sub- 
air passage has an inlet groove which extends ra- 

20 dially outward from a region near the center of 

said main air passage. 

16. An air flow rate measuring device according to 
one of Claims 14 and 15, wherein the step of said 
inlet surface provides two portions of said inlet 
portion which are offset from each other in the di- 
rection of flow of the air, said inlet surface further 
having a tapered intermediate portion which in- 
terconnects said two portions of said inlet sur- 
face, the bottom of said inlet groove formed in 
said inlet surface also being tapered so that frac- 
tions of air introduced from different regions of 
said inlet groove are guided jointly into said flow 
rate measuring portion while being guided by said 
tapered bottom surface of said inlet groove. 

17. An airflow rate measuring device, comprising: 
a main air passage for intake air; 
sub-air passage for allowing part of the air 

flowing in said main air passage to pass there- 
through, said sub-air passage being provided 
with a flow rate measuring portion disposed 
therein; and 

a partition wall provided in said sub-air 
passage at a position upstream of said flow rate 
measuring portion so as to divide space in said 
sub-air passage into a plurality of sections ex- 
tending along the axis of said main air passage. 

so 18. An air flow rate measuring device according to 
any one of Claims 11 to 1 7, further comprising a 
flow rectifying grating disposed upstream of the 
inlet surface of said sub-air passage. 

55 19. An air flow rate measuring device according to 
Claim 18, wherein said flow rectifying grating is 
partly masked to provide a local portion which 
does not permit air to pass therethrough. 



6. An air flow rate measuring device according to 

any one of Claims 1 to 4, wherein the inlet of said 5 
sub-air passage has an opening which contains 
the axis of said main air passage while the outlet 
of said sub-air passage is disposed in the vicinity 
of the wall defining said main air passage. 



a protrusion provided on a lateral side sur- 25 
face of said bridge at a portion immediately up- 
stream of said outlet. 

8. An air flow rate measuring device according to 
Claim 7, wherein said protrusion serves as 30 
means for reducing pressure at the outlet of said 
sub-air passage. 

9. An air flow rate measuring device according to 
Claim 7, wherein said sub-air passage is bent 35 
substantially orthogonally at a portion thereof 
downstream of said flow rate measuring portion. 

10. An air flow rate measuring device according to 
Claim 7, wherein a pair of said outlets are provid- 40 
ed and a pair of said protrusions are formed in 
symmetry on both lateral sides of said bridge so 
as to form visors which covers said outlets 
against the flow of air. 
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20. A fuel control system for an internal combustion 
engine, comprising: 

an air flow rate measuring device of any 
one of Claims 1 to 19; 

fuel injection means for injecting a fuel at 5 
a controlled rate and timing; and 

a control unit for receiving a signal from 
said airflow rate measuring device indicative of 
the flow rate of intake air and for computing the 
injection rate and timing based on said signal and 10 
delivering the result of the computation to said 
fuel injection means. 
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